The inheritance patterns of common diseases such as asthma, type 2 diabetes, cancer and cardiovascular disease are complex, involving multiple genes, many interactions and often strong effects of environmental determinants. [3] [4] [5] [6] It is difficult to identify causative genes, predict individual risk, estimate phenotypic outcome or propose intervention strategies based solely on genetic information. To increase the ability to detect susceptibility genes and to understand the role of environmental influences, researchers need to utilise both family-based and population-based study designs. Large, population-based information systems containing comprehensive health data; pedigree information; and links to biospecimen samples are increasingly being sought as the most appropriate infrastructure to facilitate research. 3, 5, 7, 8 Genealogical information is a key component of human genome epidemiological research and enables the incorporation of biological relationships in risk assessments and epidemiological modelling. The WA Family Connections project can be used as a resource for projects where risk assessments and familial relationships are needed.
Few population-based genealogy registers exist due to the challenges of developing and maintaining the commitment to such a resource on a large scale. Two other registers exist that contain genealogical properties for a regional population; the Icelandic genealogic database managed by deCode Genetics, 9 and the Utah Genealogical Data Base. 10 Both include data for current residents and have the ability to combine the genealogy with data in disease registers. Other existing genealogical registers are only applicable to historical populations, are not population-based, or cannot be linked to disease registers (Table 1) .
Who is in the sample, and what is attrition like?
The resident population of WA now exceeds two million people, representing about 10% of the total Australian population. 17 The state growth rate is approximately 1.2% per annum 18 and over the last decade, there have been on average 25 300 births, 11 200 deaths and 10 600 marriages per annum. 19, 20 The WA Family Connections project aims to include as many current and historical WA residents as possible, with a current focus on all births dating back to 1950. The use of retrospective registrations will allow inclusion of an important proportion of the historical population, some of whom may have since migrated from WA, but who will be significant ancestrally to the rest of the population.
The genealogical links are made using information from original birth, death and marriage registrations. No information is known about adoptions or divorces. The birth registrations are central to defining parentchild relationships and theoretically, pedigrees may be produced for the population using birth registrations alone. However, marriage registrations are used to confirm the union between two adults and name changes, and the death and midwife records give additional information that may help to identify the relationships between offspring and parents ( Figure 1 ). Extra information on name and address changes over time, and thus confirmation of identity, is also gained from other records in the WADLS.
Each person is represented by a chain of one or more health-related events within the WADLS and the genealogical links are a supplementary network The project has no attrition rate because it is population-based and does not rely on voluntary participation. The data come from state birth, death and marriage registrations that are already received at the WADLS for other linkage purposes. There will, however, always be gaps throughout the genealogical matrix for the population, essentially for people not born in WA, those who only live in WA for a short How often have they been followed up?
The success of the project relies on complete population ascertainment. Residents are not contacted for their permission to participate in the project and are not contacted in response to the genealogical data that has been created. It would not be feasible, and there would be insufficient resources, to contact the millions of individuals, many of whom have left WA or have become deceased, to invite them to participate. The project aims to include as much of the historical population as possible, and to continue adding information from new registrations for as long as the allocated resources allow.
What has been measured? Phase 3 will incorporate a public appeal to improve the completeness of the Family Connections project data. Initial priority will be given to specific demographic groups where missing data are encountered most frequently. A public campaign will be launched to invite members of the general public to come forward with their own genealogical information, which will then be stored with data collected from official records.
The WA Family Connections project is governed and managed using the same advisory and committee structures developed for the WADLS. The entire WADLS system is designed to maximise the protection of individual privacy while providing access to information for approved health research projects. 22 The genealogical links are represented by unique identifiers, and no actual data are stored in the WADLS or with the genealogical indices. Access to information from the WADLS may be permitted for bona fide research projects under the guidance of strict access arrangements. Requests for extracts using linked data must include clearance through an institutional ethics committee and the local Confidentiality of Health Information Committee, and have approval from all contributing data 
What has it found? Key findings and publications
The data that have been generated within the WA Family Connections project are available for research use, provided the necessary ethical and permission requirements are met. At this stage, projects have been restricted by the limited number of generations that are currently available and as a result, applications have only requested data for recent cohorts of children. Formal requests have primarily sought sibling relationships as an indication of whether siblings are full or half-siblings, when previously it had been unknown to researchers whether siblings born to the same mother had the same fathers.
In its current form, the WA genealogical system may be used to support both genetic and environmental epidemiological research projects utilising up to 3-generational pedigrees. Examples of familial research that could be supported by the system include the investigation of parental health history for children with obesity; 23 the analysis of family structure following vasovasostomy procedures; 24 the prevalence of psychiatric illness among parents of children diagnosed with autism; 25 or the effect of close-living grandparents as a function of social support on the development of postnatal depression in new mothers. 26 A limited number of 4-generation pedigrees within the WA population are currently available and when expansion to 5-or 6-generation pedigrees is accomplished, there will be a significant increase in ability to locate common ancestors and conduct research on adult populations.
Potential genetic epidemiological applications for the genealogy system include risk assessments based on population prevalence, the influence of family history on disease risk estimates, or the effect of family history on outcome/survival following drug therapy or other medical interventions. 27, 28 The system structure also enables it to be used as a sampling frame for genetic research studies, to locate high-risk families for genetic linkage and genotype association studies, to find families with a certain pedigree structure, or to select controls who are not closely related to case subjects or who have a family history of a particular disease. Current protocols require that consent of individuals is obtained before researchers may contact potential study participants.
In WA, over 200 000 tissue samples that were originally collected for diagnostic and research purposes are currently stored within laboratories and other facilities. A central register is being constructed 29 to catalogue information about the type and location of tissue samples available for research.
A WA Genome Health Project has also been proposed, which aims to collect detailed health data and biospecimens from a large number of WA residents. 30 Links between the WADLS, the WA Family Connections project and tissue registers are possible with appropriate ethical approval and compliance with legal requirements. This represents significant potential to analyse genetic variants with respect to phenotype or patterns of disease history for the WA population.
To be successful in collecting and using data, geneticsbased projects require careful stewardship and consultation to maintain positive public engagement from individual participants, health consumer groups and the general community. We have conducted various forms of community outreach, including seminars, consumer representation on committees, direct consultation, and information that has been made publicly available on websites dedicated to the WA population data collections, linkage capabilities, and research priorities. A critical component of our initiatives is the continuation of our 'Genomics, Society, and Human Health' program 31 to address ethical, legal and social issues, maintain community outreach and to ensure community involvement in developing and managing these valuable resources.
What are the main strengths and weaknesses?
The most significant strength of the WA Family Connections Project is its relationship to the data linkage activities operating at the WADLS. The system covers all residents or visitors who are in contact with health-related services in WA and has the ability to be linked to other external datasets. Most of the core health data sets have been collecting data for at least 25 years which reduces the considerable time lags associated with achieving improved population health outcomes in prospective cohort projects and the passage of time necessary to enrol participants, collect data, accrue incident cases and analyse outcomes. It also reduces the amount of resources needed to support and sustain the project. Another advantage of the project is the use of privacy protocols that allow efficient data linkage while providing high levels of individual privacy protection in data extracts, thus increasing the amount of research projects that the system can support. 32 The most significant disadvantage of the project is the limited amount of electronic information that is currently available for creating the genealogical links. The unavailability of computerized birth records prior to 1974 restricts the ability to arrange WA residents in a genealogical framework much beyond three generations. The project will be unable to create genealogical links for births prior to 1974 until the relevant data are computerized and released. The project is also somewhat disadvantaged by the inability to contact participants to confirm information about relationships or explain gaps in the matrix.
Can I get hold of the data? Where can I find out more?
